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evant information. Furthermore, because models quantitatively link
many types of measurements, they assist in evaluating the signifi-
cance of a limited number of field observations. When models are
sufficiently accurate, they may be powerful tools for assessing
bioremediation.

Depending on the type and amount of data, the stage of process
understanding, and the types of questions being asked, models can
vary from very simple to highly complex. For example, a conceptual
model, which does not yet have mathematical equations, may be ap-
propriate when limited data are available during initial site charac-
terization. On the other hand, complex mathematical models, solved
on high-speed computers, become possible and more appropriate as
understanding of the site expands during design and operation of a
bioremediation project.

Types of Models

Because so many complex processes interact in the subsurface,
four different types of models have been developed: saturated flow,
multiphase flow, geochemical, and reaction rate models. Each model
describes a different suite of subsurface processes and is used in
particular ways to evaluate bioremediation. Ultimately, researchers
often combine two or more types of models to do a complete evalua-
tion.

Saturated Flow Models. Saturated flow models start by describing
where and how fast the water flows through the saturated zone (the
region below the water table). These models are derived from basic
principles of conservation of fluid mass. Saturated flow is reason-
ably well understood, and the basic forms of these models for water
flow are relatively simple, accurate, and accepted.

Once the direction and velocity of water flow are known, satu-
rated flow models can be extended to describe the movement of dis-
solved contaminants. These contaminant transport models are based
on principles of conservation of chemical mass. When the model
contains no terms for reactions, it describes the fate of a conservative
tracer. The conservative material basically moves with the water
flow, although it is subject to processes that disperse, or mix, the
contaminants.

Sorption of contaminants to the solid matrix slows the movement
of the dissolved contaminants, compared to the water. Sorption ef-
fects often can be modeled simply by incorporating "retardation fac-
tors" that reflect the slower rate of transport of the contaminant rela-